SIGNAL SCAN (Prestridge, 1991; Prestridge and Stormo, 1993 ) is a program developed to find putative transcription factor binding sites in DNA sequences using databases of signal sequences to match against (Prestridge, 1991) . The signal database was originally developed from transcription factor binding sites reported in the literature. However, the continual growth of reported transcription factors (Wingender, 1990; Ghosh, 1990 Ghosh, , 1991 Latchman, 1991) has necessitated the use of the larger Ghosh Transcription Factor Database (TFD). However, the Ghosh TFD is no longer (at the time of writing) being actively maintained (currently frozen at version 7.3, September 1993), while the Wingender TRANSFAC database continues to grow, as does the amount of available data on many individual transcription factor binding sites. Today > 4200 binding sites are reported in the current version of the Wingender TRANSFAC transcription factors database (Wingender, 1994 , version 2.3, June 1995 . In addition, there are now many transcription factors that have enough information available on their binding sites to begin the development of a database of weighted matrices (reviewed in Stormo, 1988) to aid in the accuracy of their recognition (Chen et al., 1996; Fickett, 1996) . These recent changes and the greater availability of data on transcription factor binding sites have again mandated significant changes in the SIGNAL SCAN program. Minnesota, 247 Gortner Laboratories, St. Paul, MN 55108, The SIGNAL SCAN databases There are now three independent transcription factor binding site databases included with the SIGNAL SCAN program. Included are the last release of the Ghosh TFD (Ghosh, 1990 (Ghosh, , 1991 , the current release of the Wingender TRANSFAC database (Wingender, 1994) , and the recently developed Chen Information Matrix Database (IMD) (Chen et al., 1996) .
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The TFD has not been updated since September 1993, and is the same version of the TFD that was included in SIGNAL SCAN version 3.3. The present TFD includes 2155 sites (1582 mammalian, 56 avian, 26 amphibian, 125 insect, 37 plant, 181 yeast, 99 prokaryotic and 49 other binding sites). Only binding site and reference citation data from the TFD are included in the SIGNAL SCAN program database. Other data in the TFD can be accessed using the InfoTrac TFD program (Hoeck, 1994) . At this time, there are no plans to update the TFD due to the lack of funding support (D. Ghosh, personal communication) .
The inclusion of the Wingender TRANSFAC database is new with this release of SIGNAL SCAN. The TRANSFAC database continues to be updated and maintained, and is presently in version 2.3. At this time there are 4217 sites reported in TRANSFAC 2.3; however, not all of these sites are contained in the SIGNAL SCAN version of the database. The main reason for this is that some sites in the TRANSFAC database are > 30 bp in length, and these sites are not considered by us to be single sites, so these longer sequence elements were excluded from the SIGNAL SCAN version of the database. In addition, sites that are represented as patterns rather than specific sequences or consensus sequences were not included (only one site in this version was excluded). TCC  TTC  TATT  TAT  TAT  TAT  TAT  TATT  TTC  TCC  GGTC  CAGGT  AGG  CAG  TGGC  TGGC  TGGCA  GCC  CAG  GCT  GCC  AGG  ATC  GCT  GCT  CACC  CACC  CACC  GATTG  GATTG R03047  R00764  R00230  R01681  R03553  R00603  R00938  R01191  R00938  R01191  R00603  R03553  R01681  R00681  R02680  R03047  R00230  R00079  R01322  R03615  R01681  R00230  R01594  R01681  R03047  R00291  R01594  R01594  R00596  R01474  R00559  R00765  R00768 in the SIGNAL SCAN version only the first factor name or element name in the database is used, (ii) In the TRANSFAC database there is a distinction made between nucleotides in the site that are considered by the original investigator to be important for binding and those that are of lesser importance, represented by large and small letters respectively; in the SIGNAL SCAN version of the database this distinction is not made. SIGNAL SCAN also includes a feature that allows the program user to update the SIGNAL SCAN compatible version of the TRANSFAC database by obtaining the latest version of the TRANSFAC database and running the SIGNAL SCAN database update feature. This feature depends upon consistent TRANSFAC database structure; if the database structure changes in the future, the update feature will not work until modified appropriately. Data in the TRANSFAC database not included in the SIGNAL SCAN version may be accessed by using the Tiny TRP program (Kniippel et al., 1994) . SIGNAL SCAN 4 also includes the IMD, a newly developed database of transcription factor binding site weighted matrices. The IMD is based upon sites in the TRANSFAC database and other binding sites obtained directly from the literature (Chen et al., 1996) . This database (IMD version 1.0) and its corresponding search program, MATRIXSEARCH, were included in the SIGNAL SCAN program in its entirety. The MATRIX-SEARCH program can also be used as a freestanding program by entering the command matrices at the command line prompt, allowing the user to bypass the initial SIGNAL SCAN menus if desired. The MATRIX-SEARCH program interface was modified to resemble closely the rest of SIGNAL SCAN and was also modified to run on IBM PCs. The IMD database, version 1.0, contains a total of 352 matrices (representing 204 mammalian, 27 avian, 8 amphibian, 40 insect, 17 plant, 39 yeast and 17 prokaryotic transcription factor binding sites). Only transcription factors with two or more site definitions were included by Chen et al. in the IMD database; sites with a single site definition in the TRANSFAC database or in the literature were not included in the IMD database.
Changes in SIGNAL SCAN analysis
The analysis of DNA sequences for transcription factor binding sites has improved in in this new version, (i) The program now accepts GCG and FAST A (Pearson, 1990; Genetics Computer Group, 1995) formatted sequences as well as the previously accepted Staden format (with the exception that the IMD analysis does not, at this time, accept GCG formatted sequences); and (ii) There are now three transcription factor databases to choose from. The ability to build your own database of selected DNA sites has been retained. Output for all three databases is shown in Figure 1 .
The analysis of DNA sequences using SIGNAL SCAN and its associated transcription factor database has resulted in locating previously unknown functional transcriptional elements in DNA sequences (Lange et al., 1992) and has been used by many investigators to locate putative binding sites for transcription factors (e.g. Song et al., 1993; Penn and Benovic, 1994; Goldhamer et al., 1995) . While SIGNAL SCAN is best used to find putative or suspected transcription factor binding sites in DNA sequences, it is not intended or designed to locate or define promoter sequences. A program called PROMOTER SCAN has been specifically designed to locate promoter sequences in genomic DNA and is also available from the author (Prestridge, 1995) .
SIGNAL SCAN version 4 is available in both IBMcompatible PC and Unix formats. Both versions are available by anonymous FTP. For more information on how to obtain SIGNAL SCAN 4 send inquiries to DANP@BIOSCI.CBS.UMN.EDU.
